Abstract
Introduction

ENDOGLIN/CD105 (ENG) is a 180 kD homodimeric transmembrane glycoprotein, expressed predominantly on vascular endothelial and haematopoietic cells. ENG is an auxiliary protein of the transforming growth factor ␤ (TGF-␤) receptor complex involved in cellular proliferation, differentiation and migration
. [2, 3] [3] . ENG extracellular domain can undergo proteolytic cleavage and shed from the cell membrane into the bloodstream, giving rise to soluble ENG [4] . Elevated levels of soluble ENG have been reported in pre-eclampsia [5, 6] while studies in cancer patients remain conflicting, some studies reporting increased levels [7] [8] [9] whereas others reported a decrease [4] or no change [10] [11] [12] in circulating soluble ENG.
Two ENG isoforms, differing in the length of their cytoplasmic domain, have been characterized in human and mouse tissues
. The predominant L-ENG isoform contains in its cytosolic domain a consensus PDZ-binding motive, which is lacking in the barely expressed S-ENG isoform. L-ENG has been shown to be involved in epidermal carcinogenesis, whereas no influence of S-ENG could be demonstrated during carcinogenesis in vivo or in vitro
ENG expression counteracts the potent inhibitory effect of TGF-
␤ on cell proliferation in several cell lines [13, 14] . Mutations [1, 15] . Endoglin [18] . KIT K642E, an oncogenic KIT mutation originally identified in sporadic GIST [19] , has also been encountered as germ-line mutation in a family with hyperplasia of the ICC layer and GIST formation [20] . 
Materials and methods
The Kit K641E murine GIST model
The knock-in Kit K641E murine GIST model has been previously described [21, 22] . 
Human GIST882 cell line
The human GIST cell line GIST882 [24] 
Real-time quantitative PCR (qPCR)
qPCR was performed as described [21] . 
Immunofluorescence staining
Specimens were processed as described [21] . Briefly, slides were brought to RT, rinsed 
Human GIST tissue microarrays (TMA)
A cohort of formalin-fixed, paraffin-embedded human GIST samples was retrieved from the pathology files of the Cleveland Clinic, Cleveland, OH. The collection and analysis of human tissue samples was approved by the Cleveland Clinic Institutional Review Board (IRB 06-977). Consent was not obtained from any participants as it was waived by the IRB because it was a retrospective study involving only collection of tissue cores from paraffin blocks used in the diagnosis of patient tumour samples.
Clinico-pathological characterization of GIST used is summarized in Table 3 . Risk assessment was performed using the criteria of Miettinen and Lasota [26] , as recommended by the National Cancer Care Network [27] . Mutations in KIT exons 9, 11, 13 and 17 and PDGFRA exons 12 and 18 were examined as described previously [28] . This material was used to construct a TMA with 1 mm cores using a TMarrayer TM 
T;L;S-ENG F CAGTCTCCATGCGCCTGAAC
T_Eng R GGTGATACCCAGTACAGAGGGCA L-ENG R CTACGCCATGCTGGTG S-ENG R GGAATGGGGTGGAGGCTT CD/31 F GGTCATCGCCACCTTAATAGTTG CD/31 R TCTCTGTGGCTCTCGTTCCC
Gapdh F TGTGTCCGTCGTGGATCTGA
Gapdh R CCTGCTTCACCACCTTCTTGA
Hprt F GCTACTGTAATGATCAGTCAACGGG
Hprt R AAGCTTGCAACCTTAACCATTTTG (Fig. S1 ).
Endoglin is expressed in endothelial cells but also in Kit ϩ cells in the mouse gut wall
Eng-ir was observed in CD34
ϩ /CD31 ϩ endothelium, as expected.
Eng-ir was also detected, albeit fainter than in endothelium, in many, but not all, Kit
ϩ ICC ( Fig. 2A and C) (Fig. S8) . 
Endoglin expression in human GIST
The antibody used for ENG-ir on GIST TMA was validated using the human GIST882 cell line. Two immunoreactive bands of the expected MW for L-ENG and S-ENG were detected by WB. By IF, GIST882 cells stained positively for ENG-ir, whereas omission of the primary antibodies resulted in the absence of signal (Fig. S4). In GIST TMA, 26 GIST stained positively for ENG-ir (ENG ϩ/ϩϩ ) and 23 were negative (ENG Ϫ ). Labelling of endothelial cells provided internal positive controls. Results of correlation between ENG-ir and histopathological GIST characteristics are summarized in
